The time course of arterial plasma lidocaine concentration, following an epidural anaesthesia via the sacrococcygeal or the 54-55 trans-sacral approach, was studied in nine healthy piglets (7.8 ± 1.3 weeks). Plasma lidocaine concentrations were measured for up to six hours after administration (5mg/kg). Peak plasma concentration was 1.83 ± 0.17 mg/l. Pharmacokinetic parameters determined from an independent compartment model were not different from those observed after an epidural administration of lidocaine via the sacrococcygeal space in children, except for a wide variability in the time taken to reach the maximum concentration (27.3 ± 7.4 min) and a shorter half-life of elimination (82.8 ± 7.0 min). The total body clearance of lidocaine was similar in piglets (17.3 ± 1.6 ml/min/kg) to that in children. The shorter halflife of elimination was therefore attributed to a smaller volume of distribution in piglets (2.0±O.21/kg).
Summary
The time course of arterial plasma lidocaine concentration, following an epidural anaesthesia via the sacrococcygeal or the 54-55 trans-sacral approach, was studied in nine healthy piglets (7.8 ± 1.3 weeks). Plasma lidocaine concentrations were measured for up to six hours after administration (5mg/kg). Peak plasma concentration was 1.83 ± 0.17 mg/l. Pharmacokinetic parameters determined from an independent compartment model were not different from those observed after an epidural administration of lidocaine via the sacrococcygeal space in children, except for a wide variability in the time taken to reach the maximum concentration (27.3 ± 7.4 min) and a shorter half-life of elimination (82.8 ± 7.0 min). The total body clearance of lidocaine was similar in piglets (17.3 ± 1.6 ml/min/kg) to that in children. The shorter halflife of elimination was therefore attributed to a smaller volume of distribution in piglets (2.0±O.21/kg).
Keywords
Swine; local anaesthetic; lidocaine; epidural; pharmacokinetics; anaesthesia Swine are increasingly used for surgical experiments and epidural anaesthesia is commonly used in clinical veterinary practice. Our surgery requirements involved a passive diaphragm and abdomino-costal area. A combined general and epidural anaesthesia was chosen for the following reasons: good analgesia and motor blockade during surgery, and the possibility of providing rapid recovery with good postoperative analgesia. Conversely, the use of a balanced general anaesthesia with an inhalation agent, opioid and muscle relaxant provides good analgesia and motor blockade during surgery at the expense of a prolonged recovery and the necessity to go on using opioid for postoperative analgesia. Respiratory depression can easily occur in this protocol if clinical monitoring is not maintained after surgery. Consequently the present study was performed in order to determine the pharmacokinetics of 1% lidocaine with epinephrine administered in the epidural space, via the sacrococcygeal or the 54-55 trans-sacral approach, in piglets.
Ethical and legal approval
The study was approved by our institutional review committee. The animals were cared for in accordance with university and national guidelines. The license number for experimental studies from the French Ministry of Agriculture is No. 04355.
Laboratory Animals (1996) 30, 228--233
Animals and housing
Clinically healthy French large white pigs of both sexes weighing 18.8± 1.5kg were purchased from INRA Ie Magneraud, 17700 Surgeres Cedex, France. They were kept in a conventional and closed housing system at 22 ± 2°C, relative humidity of 75± 5% and with 24 h low intensity light. Two hundred animals were housed, in groups of 25 in each unit. Twenty-four hours prior to surgery they were transferred to a special housing unit where they were kept singly in pens, with two pens per room. The temperature, humidity and lighting conditions remained unchanged. The animals were fed with a piglet diet (INRA 2213, Ets ARRIVE,85250 St Fulgent, France) and tap water ad libitum. All experiments were carried out during normal daylight hours.
Preparation for epidural anaesthesia
Nine piglets aged 7.8 ± 1.3 weeks, 18.8± 1.5kg, of both sexes were included in the study. Food was withheld overnight. Rapid preoperative tranquillization was provided by a quick and atraumatic nasal administration of 0.2 mg/kg midazolam (Hypnovel*, Roche, Neuilly-sur-Seine, Francel. Twenty minutes after this treatment, the animals were suf6.ciently tranquillized to allow anaesthesia induction with Halothane (Lab. Belamont, 24 rue Erlanger, 75016 Paris, France) and 100% oxygen. A 20 gauge plastic catheter (Insyte-W, Becton Dickinson Vascular Access Inc, Sandy, Utah, USA) was inserted in an ear vein. Atropine sulphate 10/lg/kg was given intravenously to reduce pharyngeal and tracheal secretions and prevent post-intubation bradycardia. A second 20 gauge catheter was placed in a saphenous artery for arterial blood sampling. A 24 gauge catheter was inserted in the caudal artery and connected to a pressure transducer for continuous blood pressure monitoring. Neuromuscular blockade (NMB)was induced by injection of suxamethonium iodide, 1mg/kg ICelocurine*, Kabi-Pharmacia SA, St Quentin-Yvelines, France). An orotracheal tube (Portex 6-6.5, Portex SA, 62600 Berck sur mer, France) was immediately inserted. 229 Controlled ventilation was maintained by means of an Engstrom respirator: tidal volume 10-12ml/kg, at a rate of 16 breaths per min. An epidural catheter was inserted at the terminal end of the medulla according to the anatomic recommendations of Richer et al. (1991) .Halothane was then discontinued and general anaesthesia was maintained with 1.5% isoflurane in 50% nitrous oxide-50% oxygen. Throughout the procedure, the animals were ventilated to maintain a PaC02 between 4.5 and 5 Kpa (Gemstat analyser VS 17313, Mallinckrodt Medical SA, blood analysis product, Evry, Francel. Dextrose (5%) was given as intravenous fluid at a rate of 4ml/kg per hour. It was supplemented with a 0.9% saline solution (285ml) to compensate for the blood loss due to arterial blood sampling. Body temperature was maintained close to 39°C by means of a heated water blanket (Gamida, Eaubonne, Francel and an aluminium sheet placed over the animal.
Epidural anaesthesia
Following a sterile preparation and draping of the caudal area, the swine were placed in the lateral recumbency position. A 16 gauge intravenous cannula was preferred to a Tuohy needle because of the low angle axis of this puncture site, through the sacro-coccygeal or 55-54 intersacral space. The epidural space was detected by means of the loss of resistance on the puncture without blood or cerebrospinal fluid (CSFIbackflow, and ease of the cephalad progression of an epidural catheter (20 gauge Portexl inserted through the cannula. The catheter was introduced 3 to 5 em into the epidural space. Before the epidural injection, we checked the catheter for a possible spinal or venous catheterization by means of an aspiration test for CSF or blood. One percent (1%) lidocaine with 1:200000 epinephrine,S mg/kg (93.9±8.1 mg) was then injected at a rate of about 0.75 ml/s. Alter injecting the lidocaine, heart rate, ECG and blood pressure were monitored continuously (Hewlett Packard, model54S 1165A, Les Ulis, France). Additional saline (IOml/kg) was given if the mean blood pressure dropped by 20%. Thirty minutes after the injection, the isoflurane concentration was decreased to 0-0.25% thereby bringing about a period of light general anaesthesia so as to allow the underlying epidural anaesthesia to be assessed. This short recovery period was tested by pinching the nasal septum as a critical reflex for anaesthetic depth evaluation. The animals were observed for any spontaneous muscle movement of the head, neck} diaphragm and forelimbs. Desensitization was first tested with interdigital compression and activation of the legs} and then with hair pulling, skin pinching and scratching at different segmental levels. Residual midazolam and end-tidal isoflurane concentrations together with continuous N 2 0 ensured that the animals were sufficiently tranquillized to avoid possible stress caused by recovery awareness. Isoflurane was readjusted to a concentration of 1.5% at the conclusion ofthe examination period.
Sampling procedure and sample treatment
Arterial blood samples were drawn from the saphenous catheter and immediately injected into lithium heparin vacutainers. Samples were collected before} I} 3} 5, lO} 20} 30} 40} 50} 60} 90, 120, 180,240 and 360 min after the injection of lidocaine. plasma was separated by centrifugation at 4°C and stored at -20°C for further analysis. Haematocrit and total protein levels were measured in blood drawn before epidural anaesthesia. Total plasma lidocaine concentrations including bound and free drug were determined in duplicate by specific homogeneous immunoenzymatic assay (Emit} Syva Biomerieux). This assay allowed measurement of lidocaine concentrations in a range of 1-12~g/ml with a coefficient of variation lesser than 8%. Studies in our laboratory showed no crossreactivity between lidocaine and either monoethylglycinxylidide} glycinxylidide (two major metabolites) or drugs used for the induction of anaesthesia.
Pharmacokinetic calculations
Lidocaine pharmacokinetic parameters following epidural anaesthesia were calculated using an independent compartment model.
For each piglet, lidocaine concentration vs time data were fitted by the nonlinear leastsquares method using the IG-PHARM program IGomeni 1983). Pharmacokinetic parameters were calculated as maximum concentration (Cmax)} time to Cmax (Tmax), mean residence time IMRTl} elimination half-life (TI/2 elim), volume of distribution (Vd area), total clearance [Cltot)} and the total area under the curve (AUe) according to the trapezoidal rule. Results are expressed as mean±SEM
Results

Clinical assessment and laboratory evaluation
Originally fifteen pigs were used for the study. Of these, six animals were excluded following procedural complications: difficult percutaneous arterial catheterization} loss of the arterial line during the procedure} epidural injection of a wrong dose. The other nine piglets were managed successfully. Epidural anaesthesia was performed in seven.of them via the sacro-coccygeal space and in two of them via the 54-55 intersacral space. During the short period of reflex evaluation recovery} the animals were found to be sedated} with no sign of gagging or reaction to the orotracheal tube. There was a slight nasal septum reflex in the form of lip movement or slight nose movement. We observed successful motor paralysis and complete desensitization to a level cranial to the forelimbs. Spontaneous muscle movements and sensitive reactivity were still observed in the head and neck of these animals. The diaphragm remained blocked allowing controlled ventilation in all of the animals. One of the animals received a supplementary 0.9% saline infusion (lOml/ kg) to counteract a 20% fall in blood pressure. Five of the animals showed a 20% increase in the heart rate five minutes after the injection of lidocaine. The animals had a haematocrit of 25 ± 3% and the total plasma protein was 46 ±3 gil. Table 1 summarizes individual and mean kinetic parameters. After the injection of lidocaine, the maximal plasma level was achieved between 1 and . 60 min (Tmax=2 7.3 ± 7.4 min) and the maximal concentrations ranged from 0.86 to 2.55mg/l (Cmax=1.83±0.17mg/l). Mean residence time and elimination half-life values were respectively MRT=146.3±9.2min and Tl/2 elim=82.8± 7.0 min. The total plasma clearance was: Cltot=17.3 ± 1.6 ml/min/kg and the apparent volume of distribution was: Vd area=2.0 ± 0.2l/kg. The area under the plasma concentration-time curve (AUe) was 308.3 ± 28.8 mg/l/min. 
Pharmacokinetic results
Discussion
Following the epidural injection of 1% lidocaine (5mg/kg) with 1:200000 epinephrine, the Cmax concentration observed in piglets was similar to that reported in children after an epidural injection of 0.5 or 1% lidocaine (5mg/kg) without epinephrine via the sacra-coccygeal space -which later is usually termed a 'caudal' injection when applied to humans. In piglets (18.8 ± 1.5 kgl, the mean value of arterial Cmax is 1.83±0.17mg/I. This is close to the mean values of venous Cmax recorded by Ecoffey et al. (19841and Yaster et al. (1985) in two series of children ( (Freund et al. 1982) . In our series as well as other ones (Eyres et al. 1978 / Sawasato et al. 1981 / Freund et al. 1982 , Ecoffey et al. 1984 / Takasaki 1984 , Yaster et al. 1985 the Cmax values were below 5-6 mg/l, which is considered to be the toxic level in both unanaesthetized human adults (Foldes et al. 1960 ) and sheep (Nancarrow et al. 1989) . The wide range of Tmax confirms that, in piglets, lidocaine is absorbed from the epidural space with a wide interindividual variability. The injection technique 'rapid injection/large volume' may have contributed to this broad variation. The value of the mean residence time (MRT=146.3±9.2min) seems to be in accordance with the long duration of anaesthesic effects. The Tl/2 elim of epidural lidocaine is shorter in piglets than in children when injected by a similar route: 82.8 ± 7.0 vs 155±32 and 103 min (Ecoffey et al. 1984 / Yaster et al. 1985 . This may be explained by a decreased diffusion in the extravascular compartments of these young animals 2.0 ± 0.2 vs 3.0 ± 0.4 and 2.2 ± 0.8ljkg (Ecoffey et al. 1984 / Yaster et al. 1985 . Indeed, Tl/2 elim is closely linked to Vd area by the formula: Tl/2 elim=ln2 x Vd/Cltot. In the present study', Cltot was of the same magnitude as that in children: 17.3 ± 1.6 vs 15.4± 1.2 and 13.6±3.6mljmin/kg (Ecoffey et al. 1984 / Yaster et al. 1985 .
The present study provides data on the pharmacokinetics of epidural lidocaine in piglets. There are two factors related to the animals-a short acclimatization period and low haematocrit/total protein. At the time of the experiment, the animals were anaemic wi th an hematocit of 25 ± 3 % and were also presented with a low total protein level: 46 ± 3 gil. Protein binding of lidocaine is around 64 % i this low protein level may be of concern for clinical activity and pharmacokinetics. It must be stated that the methods described here were chosen so as to illustrate pharmacodynamics within the dose ranges chosen. The epidural technique therefore needs further comment since the methods described here are not recommended in regular clinical practice. Firstly, the route of our epidural administration was not the recommended lumbo-sacral space (Westhues Lacoste et al. et al. 1960 / Getty 1963 / Bollwahn 1963 / Hall et al. 1991 but the sacro-coccygeal or S5-S4 inter-sacral space (Bi:isenberget al. 1988 / Richer et al. 1991 ; secondly, we chose a 1% concentration of lidocaine instead of the 2% proposed in pigs. (Benson et al. 1979 / Hall et al. 1991 ; thirdly we selected a large volume/ rapid injection as compared with that in previous reports (Getty 1963 , Strande 1968 ). This points to the need to have a situation comparable to that in human data (Ecoffey et al. 1984) . In piglets with this volume/ concentration regimen, the epidural anaesthesia segmental level will be over cervical segment 5-7 and the diaphragm will be paralysed. Therefore, the animals' tracheas must be previously intubated under an accessory general anaesthesia, with respiration controlled, blood pressure monitored and the accessory general anaesthesia continued until complete motor recovery. Our experience with a 0.5 ml/kg volume of epidural solution is limited to animals under 40 kg anaesthetized in laboratory conditions. We do not therefore advocate using such a volume for routine anaesthesia. We encourage the use of the much smaller volume of epidural solution recommended in the literature.
In conclusion, this study reveals that a sacro-coccygeal or a S5-S4 trans-sacral approach is effective in inducing epidural anaesthesia in young swine. The arterial plasma levels remained in a safe range in this series. The lidocaine pharmacokinetic parameters that we observed in piglets by this means were similar to those reported in children after an epidural anaesthesia by a similar approach, except for a shorter Tl/2 elim and smaller Vd area.
